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INTRODUCTORY STATEMENT

The Center for Social Organization of Schools has two primary

objectives: to develop a scientific knowledge of how schools affect

their students, and to use this knowledge to develop better school

practices and organization.

The Center works through five programs to achieve its objectives.

The Academic Games program has developed simulation games for use in

the classroom. It is evaluating the effects of games on student learn-

ing and studying how games can improve interpersonal relations in the

schools. The Social Accounts program is examining how a student's

education affects his actual occupational attainment, and how education

results in different vocational outcomes for blacks and whites. The

Schools and Maturity program is studying the effe-7ts cf educational

experience on a wide range of human talents, competencies, and personal

dispositions in order to formulate -- and research -- important educa-

tional goals other than traditional academic achievement. The School

Organization program is currently concerned with authority - control

structures, task structures, reward systems, and peer growl/ processes

in schools. The Careers and Curricula prer=am bases its work upon a

theory of car-er development. It has developed a self-administered

vocational guidance device to promote vocational development and to

foster satisfying curricular decisions for high school, college, and adult

populations.

This report, prepared by the Careers and Curricula program, is an

attempt to improve the predictive efficiency of the Holland occupational

classification by using Markov chain analysis to examine the career move-

ment of four groaps of young men within the classification.
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ABSTRACT

The present study used the Holland occupational classification

and Markov chain analysis for describing and predicting career patterns

of young men. Models of movement among the six categories of the Holland

classification were derived for four groups of young men (N=5,225) who

were divided according to race and age. In short this report provides

(1) Markov of the career patterns for four !,:soups of young men,

(2) rests of the predictive valic:11:y of the chains_ and (3) comparisons

of th four race-age groups using the Markov models.

some statistically signifi-ran, and important- differences occurred

among : :ae four groups both in patterns of ca.ye-e7:pransitions and in

the c.1sPribction of individuate. lumchg the six Holland categories at the

time of the initial interview. In general, younger men showed a narrow

range of occupational experience. For black men, the narrow range of

experience persisted for the older group. Older white men held jobs in

a broader range of occupational categories. And, they were more stable

in their initial occupational categories than the other groups.

An attempt to establish the predictive validity of two of the

four models was performed. The Markov models for older white males and

older black males were used to predict patterns of movement and occu-

pational categories of the ten-year transitions for a second sample.

These attempts were largely unsuccessful, indicating that the derived

models could not be generalized to any real extent.
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In general, the use of the Markov models did not improve the

predictive efficiency of the Holland occupational classification. The

most efficient and parsimonious strategy was to predict that the subjects

would maintain the Holland category of their initial occupation.
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INTRODUCTION

A major concern of vocational psychologists has been to discover

regular patterns of occupational behavior. In the case of careers, one

aim has been to determine whether decisions about occupational choices

are random or predictable. Many studies have used psychometric techniques

to predict occupational variables and have created a large and loosely

crganized body of knowledge about the relationship of sociological and

psychological variables to vocational success, satisfaction, and occu-

pational membership. Recently the movement of individuals from job to

job has gained more recognition as a research topic, and the recent empha-

sis on career education has underscored the importance of studies of

vocational history.

Research about occupational history can be divided into two

categories. Studies of one type are concerned with the progression of

prestige, income, or social positions for an individual or set of indivi-

duals over a lifetime. These studies of occupational mobility, performed

largely by sociologists, have contributed a broad base of knowledge about

how family background, educational level, and race affect occupational status

(Osipow, 1968).

A second group of studies, more typical of vocational psychologists,

consists of longitudinal studies of occupational preferences or positions.

The purpose of these studies has been to assess the commonality that occurs
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within occupational histories. They assume that the relatedness of

successive job choices and the patterns of, career movement depend heavily

upon a person's aptitudes, interests, values, and other characteristics.

Although earlier research on vocational preference was generally

atheoretical in its approach, more recent studies analyze and interpret

occupational histories with respect to some theoretical framework (Holland,

in press, b). Typical of these recent studies are those using the occu-

pational classification systems of Roe (Doyle, 1965; Roe, Hubbard,

Hutchinson, and Bateman, 1966; Hutchinson and Roe, 1968) or Holland

(Holland, S$rensen, Clark, Nafziger, and Blum, 1971; Lucy, 1971; Parsons,

1971) .

The study reported here is based upon a theory of careers and an

associated occupational classification proposed by Holland. The usefulness

of Holland's classification scheme for organizing oocupations into homo-

geneous groups has been demonstrated for several college and employed

populations (Holland and Whitney, 1968; Holland, S$rensen, Clark, Nafziger,

Blum, 1971; Parsons, 1971). Studies using the classification scheme have

demonstrated that large percentages of people remain in the same occupational

category over long periods of time. Many of the studies about occupational

histories have been restricted to small, unrepresentative samples. Larger

research projects have studied some selected age groups. In general, most

reports have ignored the total pattern of movement that exists among the

six Holland categories.
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The purpose of the present study was to develop and test predictive

models of vocational movement by taking advantage of both Holland's

classification scheme and Markov chain models. It differs from earlier

research in the populations studied and in the analytical technique employed.

Theoretical Orientation

The most recent published statement of the theory of careers upon

which Holland's classification is based is given in Holland (1966b). A

revised, but closely related statement of the theory is in press (Holland,

press, a).

Holland's theory of careers describes personality types, occupational

environments, and the interaction of individuals with their job environments.

The theory assumes that an individual's personal characteristics are

manifest in his vocational interests and occupational choices; that is, an

individual's occupation is an extension of his personality. As a result

of this assumed relationship, interest inventories and personality inven-

tories are considered different methods for measuring similar attributes.

Further, it is assumed that there are valid stereotypes, with respect

to psychologicaland sociological characteristics, of individuals in given

occupations that can be hypothesized, measured, and tested. And, people

with similar personal characteristics and developmental backgrounds choose

similar jobs. In short, people in the same occupation are alike in many

respects, and people in similar occupations also have much in common. Thus,

knowledge of a man's occupation provides useful information about his per-

sonality.
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Because people with

similar indivi

possess typical responses to

ies tend to enter the same or

job can be expected to

_pus situations and problems that

characterize that occupation. When an individual's personal characteristics

are unlike the environmental characteristics -- i.e., if a person does not

"fit" in a particular occupational environment -- he is more likely to

experience frustration and failure. Briefly, Holland's theory of vocational

choice asserts that individuals find the greatest satisfaction in environ-

ments that are congruent with their personality types, and that they tend

to seek out and move toward such environments.

Further, Holland proposes a classification system for people and occu-

pations consisting of six main types or categories. The main categories are

Realistic (R), Investigative (I)
1

, Artistic (A), Social (S), Enterprising

(E), and Conventional (C). Within these major categories are 72 subcate-

gories or subtypes, such as Realistic=Investigative-Social (RIS) or

Conventional-Enterprising-Realistic (CER).

Occupational environments can be classified using Holland's scheme by

assigning to each occupation a three-letter Holland code 'of persons in that

occupation. For example, such codes as Realistic-Conventional-Enterprising

(RCE) for truck drivers and Investigative-Social-Artistic (ISA) for physicians

have been obtained. Occupations have been classified by Holland, Whitney,

Cole, and Richards (1969); and Holland, Viernstein, Kuo, Karweit, and Blum (1970).

1
In early statements of the theory, the Investigative category was

termed Intellectual.
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Viernstein (1971) has developed a conversion system for classifying all

occupations in the Dictionary of Occupational Titles according to Holland's

scheme. Consequently, Holland's classification can be applied to the

entire labor force.

The theoretical assumptions imply that an individual of a given type

will seek out and enter occupations of the same type. For example,

Conventional types usually enter Conventional occupations. In addition,

secondary and tertiary personal characteristics are influential in occupa-

tional choices. That is, Conventional-Enterprising-Social individuals are

expected to enter occupations that emphasize this permutation of those

dimensions. Persons who are unable to enter occupations that agree exactly

with their Holland code would be expected to enter related occupations that

emphasize similar occupational and personal characteristics.

A hexagonal arrangement (Figure 1) summarizing the inter- and intra-class

relationships of the Holland personality types was proposed by Holland,

Whitney, Cole, and Richards (1969). The hexagonal configuration has been

supported in several studies using Holland's VPI and other vocational assess-

ment instruments. Most of the studies have obtained planar representations

using configural analysis (Cole and Cole, 1970).

Insert Figure 1

Interrelationships of types from the hexagon should be interpreted

as follows. Contiguous categories are the most related; for example, Conven-

tional and Realistic or Conventional and Enterprising. Categories connected
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by the shorter diagonal are somewhat less related, such as Conventional

and Investigative or Conventional and Social. The categories that are

directly opposite each 'ler on the hexagon are least related. Thus,

Conventional and A- ,egories are among the least related pairs.

Cole and Hansen ki9/1) applied configural analysis to the scales of

the Strong Vocational Interest Blank (SVIB), the Kuder Occupational Interest

Survey (OIS), the Holland VPI, the American College Testing Program Voca-

tional Interest Profile (VIP), and the Minnesota Vocational Interest Inven-

tory (MVII). The planar representations were -remarkably like the earlier

hexagonal arrangement, (Holland et al., 1969). The points in the planar

representation of the VPI formed an irregular hexagon, but were in the precise

order as expected (RIASEC). Configurations of.the SVIB, OIS, VIP, and MVII

resulted in similar configurations and all conformed to the hexagonal model.

Likewise, Roe's (1956) circular ordering of interest groups is similar to

the ordering of the Holland model (Cole and Hansen, 1971).

Crabtree (1971) assessed samples of high school students (759 boys and

672 girls) with the VPI, applied Cole's configural analysis to the inter-

correlation matrices, and obtained planar representations that approximated

earlier results. More recently Edwards and Whitney (1972) have shown that the

scales of Holland's Self-Directed Search (Holland, 1970), a more comprehensive

vocational assessment than the VPI, also produce hexagonal configurations in the

same order as suggested in previous studies. And, Cole (1972) has shown that

the data for women have the same hexagonal ordering as the data for men.
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This configuration of the Holland scales has similar properties to

the general circumflex model described by Guttman (1954). According to

Guttman, a set of responses forms a circumplex if the intercorrelation

ponses has a structure such that as one moves away from

the tiLlin diagonal the correlations first decrease in magnitude and then

increase again until the distance from the main diagonal is maximum.

Indirect evidence of the validity of the hexagonal arrangement was

also provided in a cluster analysis study by Nafziger and Helms (1972).

They applied McQuitty's Interative, Intercolumnar Correlational Analysis

(McQuitty and Clark, 1968) separately to the seventy-two occupational

scales of the Strong Vocational Interest Blank (SVIB), the twenty-one

occupational scales of the Minnesota Vocational Interest Inventory (MVII),

the twenty-three core scales of the Kuder occupational Interest Survey (OIS)

for men, and the twenty-one core scales of the Kuder OIS for women. The

results of the study provide evidence of the validity of Holland's occupa-

tional classification in three ways. First, the clusters suggest that a

relatively few broad groups of occupations exist that are internally consis-

tent and sensible. Second, the empirical clusters from each of the four

vocational inventories generally consist of occupations with the same or

similar Holland occupational codas. Finally, he hierarchical structure of

the clusters follows the hexagonal ordering of the occupational categories;

that is, at progressively higher levels in the cluster trees, occupations that

were related (hexagonally contiguous) were grouped together. Further, Nafziger
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and HelmL 'L:monstrated that their clusters of occupations could be located

in predictable areas of the occupational configurations presented by Cole

and Hansen (1971).

MeC.odological Considerations

In the study reported here, Markov chain analysis was used to examine

the history of career movement within the Holland occupational classification.

The study of career behavior by social scientists using Markov models has

been described in several places (Carlsson, 1958; Hodge, 1966) and has been

specifically suggested for vocational psychology (Lohnes, 1965; Crites, 1969;

Super, 1971). Gribbons and Lohnes (1966, 1969) have demonstrated the useful-

ness of Markov chains in characterizing the patterns of intragenerational

career choices in longitudinal studies.

Variables used in Markov chain analysis are typically nominal or ordinal,

and subjects are observed on these variables at successive times. A Markov

chain is a ptouability model describing the ongoing process of movement within

the Markov variable. Two testable assumptions are made about Markov chains.

First, the probability matrix characterizing the process is assumed to be

invariant over time, and any observed deviations from this theoretical proba-

bility matrix are assumed to be the result of random error. Second, Markov

chains assume that the probability of the process being in a given category at

time t depends only upon the category the process was in at time t-1, and is

independent of the history of transitions that occurred before time t-1. This

property is called the one step memory or Markovian property.
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As Gribbons and Lohnes (1969) indicate, the Markov assumptions are

stringent ones to be made about human behavior. However, statistical tests

are available for both assumptions. When the Markov assumptions are tenable

for a process, Markov chains are a useful method of characterization and

prediction.

To summarize, Markov chains can be applied conveniently to the study

of work histories of movement within a classification scheme because they

are derived from observation of the movement process itself. They are useful

because they provide a concise and easily interpreted characterizatioa of

the process.

An additional technique, categorical analysis of variance (CATANOVA),

was used to determine the amount of association that exists between the

classification of a given group of individuals within the Holland scheme at

two points in time. CATANOVA is used in this study as an auxilliary technique

to the Markov chain analysis; the Markov chains describe the patterns of

movement that occur between two time points, say t-1 and t, while CATANOVA

indicates'how much the classification at time t depends upon the classification

at time t-1.

It was expected that the subjects in each of the four groups would tend

to maintain their initial occup;.Lional categories. And, when moves from

category to category were made, they would be primarily among categories that

were similar.

Further, it was anticipated that each of the four groups would exhibit

a distinct pattern of vocational movement. The younger blacks and younger

9



whites were expected to show movement patterns that were less well-defined

than the older blacks and older whites. Large percentages of both groups

of blacks were expected to be in the Realistic and Conventional categories.

Although many whites were expected to appear in the Realistic caLLgu,y, larber

percentages of Social, Artistic, and Enterprising types were expected to

appear than for blacks.

Method

The study consists of two parts. First, longitudinal data for a

representative, national sample of young men were used to develop Markov

models for four race-age groups. Second, the validity and generality of the

Markov models for two of these race-age groups were determined by comparing

the theoretical patterns of movement with the actual work histories of

another national, representative sample of men of comparable age.

This section describes the samples and data analysis. Data for the

study were collected from two samples: a sample from which the career models

were derived, termed the Model Development Sample; and a sample used to test

the validity of the models, called the Validation Sample.

The Samples

The Model Development Sample represented the civilian, noninstitutional

population of men in the United States who were between the ages of 14 and 24,

inclusive, in April of 1966. Respondents were selected through multi-state

probability sampling techniques by the Bureau of the Census. The sample was

arrived at by grouping all the nation's counties and independent cities into
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approximately 1900 sampling units. Of these, 235 strata of relatively

homogeneous socioeconomic characteristirs were
. one sampling

unit from each stratum was used for the sample. A probability sample of

households from each of the 235 selected sampling units was taken. Blacks

were over-sampled by a three-to-one ratio to provide more reliable statis-

tics for that group. A more detailed description of the sampling design

may be found in Parnes, Miljus, and Spitz (1969); Zeller, Shea, Kohen, and

Meyer (1970); and Kohen and Parnes (1971).

For the Model Development Sample, data were collected by the Bureau

of the Census for The Center for Human Resource Research at the Ohio State

University under the sponsorship of the Manpower Administration of the

United States Department of Labcr as a part of the National Longitudinal

Survey. The interviews were conducted in three successive years; 1966, 1967,

and 1968. Questionnaires from each of the years contain items unique to

that year; i.e., all questionnaires are not identical. Items used from the

interviews were the respondents' race, age, and occupations for 1966, 1967

and 1968. The three interview schedules are given in Kohen and Parnes (1971).

The total sample size in 1966 was 5,225, consisting of 3,734 whites,

1,435 blacks, and 56 persons of other racial and ethnic groups. Of these,

4,281 blacks and whites, or 82..8%, remained in 1968. The primary source of

attrition was entrance into the military, which accounted for nearly 70

percent of the noninterviews. Attrition for blacks was slightly higher than

for whites. The total number reporting occupations at all three interview

times was 3,418, or 66.1% of the mtal number of blacks and whites. For the



purposes of this study, the Model Development Sample was divided into four

groups: whites, ages 14 through 17; whites, ages 18 through 24; blacks,

ages 14 through 17; and blacks, ages 18 through 24. The number of respondents

in each of the four groups for which complete data were available is given

in Table 1.

TABLE 1

Distribution of Model Development Sample
Among Four Groups

Group Number interviewed
all three years

Number reporting
occupations all

three years

Whites, 14-17
Blacks, 14-17
Whites, 18-24
Blacks, 18-24

1522
691

1595

473

1073

470
1447

428

Total 4281 3418

Individuals in the category of other races were excluded from the

analyses because of the small sample size and because of the heterogeneity

within the group. The category included Mexican-Americans, American-Indians,

Chinese-Americans, and Japanese-Americans.
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The Validation Sample consisted of retrospective work histories

of the first ten years of employment beginning with the first full-time

job for 851 whites and 738 blacks. A standard multi-stage probability

sample was selected by the National Opinion Research Center (NORC) at

the University of Chicago. The sample represented civilian males in

households in the United States who were between the ages of 30 and

39, inclusive, in 1968. As in the Model Development Sample, blacks

were over-sampled to obtain more reliable estimates. For this sample,

an over-representation of blacks was achieved by supplementing a national

representative sample with a sample consisting of all blacks. Data for

the Validation Sample were collected by the National Opinion Research

Center(NORC) for the Social Accounts Program of the Center for the

Social Organization of Schools at The Johns Hopkins University. Respon-

dents were interviewed one time; that interview occurring in 1968. For

this study, the data used were the respondents' race and the respondents'

10-year retrospective work history beginning with the first fulltime job.

A more detailed description of the Validation Sample, the data collection

process, and the tape storage techniques is given in Blum, Karweit, and

Sq.rensen (1969).

Occupational histories for both samples were coded and stored using

the census coding system. The occupational classification in Holland et

13



al (1970) was used to assign Holland codes (three-letter codes) to the

census codes (three-digit codes) for each of the occupations in the

work histories. A few revisions and exceptions were made: (a) military

service was excluded from consideration, and (b) truck drivers were

classified as RCE rather than CRE.

A limitation of the study is that the samples were not matched

exactly. The data for the Model Development Sample were all full-time

and part-time jobs held by respondents of a fixed age group (14 through

24) during the interviews. These data were obtained through longitudinal

surveys. The data for the Validation Sample consisted of only full-time

jobs that were held after respondents had left school, and were obtained

retrospectively. Thus, respondents in the Validation Sample may have been

more advanced in their occupational development.

Analysis

Two analytical techniques were used in this study; analysis of

variance for categorical data and Markov chain analysis. The purpose

of this section is to outline the two techniques.

Anal sis of variance for cate orical data

Light and Margolin (1971) developed a one-way analysis of variance

for categorical data (CATANOVA) which is applicable to two dimensional

contingency tables with one margin fixed. An advantage of their

14



approach is that it provides a measure of variation in the response

variable accounted for by the predictor variable. Light and *Margolin

also offer a test statistic for an independence hypothesis.

The computational formulae developed by Light and Margolin are

as follows. Consider a set of n responses such that each response

is classified into one and only one of I possible categories. Let

thn. be the number of responses in the i = 1, . . I

so that n. = n. Then the variation of these responses is
i=1 1

defined to be

1 1 [ 2 2 n 1 2- 2: n. n. = n 2: n. = - n. .
27,

ij i=1
j 2n

i=1
2 2n 1

This measure of variation has the properties that variation is minimized

if all responses occur in only one category, and it is maximized if the

responses are spread as evenly as possible among the I categories.

Consider an analysis of variance table with G nominal experimental

groups and I nominal response categories. For the present study, it is

useful to think of the data as forming a two-dimensional (I x G)

contingency table with I = G = 6. The number in the (i,j) cell is n...

The six Holland types observed at time 1 constitute the G experimental

groups, and the six Holland types at a following time 2 constitute the

I response categories. Now, the total sum of squares, or variation,

in the response variable is

TSS = n.
2

_
2n

E
1.

i=1

15



where n. n... The within group variation is given by
ij

G n..
1WSS = -

j=1
2n. nij 2

j i=1

2 n 1 1 2

4-- .

j=1 j i=1

n.. .
2 n

The between group variation, BSS, is the difference of the total sum

of squares and within group sum of squares, i.e., BSS = TSS - WSS.

The proportion of variance explained by the predictor variable is

2 BSS
R =

TSS'
If there is perfect predictability in the contingency

table, then R2 = 1. For an even distribution over the table, R2 = 0.

Otherwise, 0 < R2 <1.

Light and Margolin also developed a statistic to test the null

hypothesis pij = pi.. The statistic is

=
(n -1) (I -1) BSS

TSS

Under the null hypothesis the statistic is asymptotically approximated

by X
2

(I-1)(G-1). In the present study, CATANOVA technique was

applied to the two 6 x 6 one-year observed transition matrices for

each of the four groups to determine the relationship of Holland

occupational categories at successive points of time.

Markov chain analysis

A number of sources on Markov chains are available. The discussion

that follows relies on the definitions and order of presentation by

Hillier and Lieberman (1969) and Kemeny and Snell (1960).

A Markov process is a particular type of stochastic process. A

stochastic process is a set of indexed random variables X1, X2, X3 . .

observed over time, where the subscript usually represents the time

at which the random variable was observed. For this study, it was
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required that the random varial-' s be discrete and have a finite number

of states. Of general int-s% the study of stochastic processes

is the probability of movii._ given states over time -- usually

in a single time period. Specifically, the basic probabilities of

interest are P{Xt4.1 = j Xt = i} for given i, j, and t. This con-

ditional probability statement is the probability of the process

bef_ng in state j at time t+1 given that it was in state i at time t.

The set of all conditional probabilities PO(
t 1
=jIX= for

a given t is called the set of transition probabilities for time t.

A stochastic process and the related transition probabilities

must have two properties in order to fulfill the conditions of a

Markov chain. First, for a stochastic process { X
t

} to be a Markov

process

{it

must have the property that

P Xt+1 j
1 X

o
= k

o
,

X1
., . . .,= k X

t-1
= k

t-1'
X
t

= =

P {Xt+1 i I
Xt = i for all sequences i, j, ko, kl, . . kt-1.

This is called the Markovian property, or more graphically the

one-step memory, and states that the process is first-order. Second,

the transition probabilities must be independent of time. That is,

they must have the property that

PIXt+1 j I

Xt = = PIX1 = j 1 X
o

= i 1 for all t = 0, 1, . .

This means that the probability of moving from one state to another is

the same for all transition periods. Under this condition, the

transition probabilities are called stationary probabilities, and they

are denoted by ...

17



It is now possible to define Markov chains of the sort to be

used in this study.

A stochastic process { Xt }, (t = 0, 1, . . .) is said to

be a finite-state Markov chain if it has the following:

(1) a finite number of states,
(2) the Markovian property,
(3) stationary transition probabilities,
(4) a set of initial probabilities,

P {X0 = i} for all i (Hillier and Leiberman,

1969, p. 404).

It is convenient to represent Markov models as probability matrices

in which the rows constitute leaving states and the columns consti-

tute arriving states. Thus, the stationary transition matrix for a

system of m states may be written as

P

[P11 P12 Plm

P21 P2m

Pml mm

The ij
th

element of a Markov process matrix is the probability of

going from the i
th

category to the j
th

category in a single step or

time interval.

Kemeny and Snell (1960) demonstrate from the Markov assumptions

the powerful result that the n
th

step probability matrix is merely

the n
th

power of P, the stationary transition matrix. Thus, the

probability of an individual being in state 1 after the n
th

transi-

tion given that he started in state k is the ki
th

element of P
(n)

,

the n
th

power of the stationary probability matrix. (Note that this
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is not the same as the n
th

power of the kl
th

element of P.) The

successive powers of P provide theoretical transition matrices which

describe the movement patterns of individuals among the categories

over time. In addition, Kemeny and Snell show that under certain

regularity conditions the powers of the stationary probability matrix

approach a limiting probability matrix, say A. A has the property

that its rows are identical and its components are all positive.

The final states of a Markov process, therefore, may be thought as

independent of the initial states.

Tests of assumptions, parameter estimation, and comparison of Markov
processes

The following section discusses the tests of assumptions and

methods of parameter estimation. The two assumptions for which

tests are necessary are the stationary probability property and the

Markovian property. In addition, a test for comparing Markov

processes is given.

Stationarity hypothesis. As noted, Markov chain analysis assumes

that the probabilities of transitions among states are independent of

time, so that the probability of moving between any two states is the

same for all time periods. The matrix of transition probabilities

is called the matrix of stationary probabilities, stationary matrix,

or theory matrix and is estimated from the observed transition

matrices. The following notation is used to describe the observed

transitions. Let there be i = 1, . . m states, or categories,

which are observed at times t = 1, . . T. Further, let n..(t)
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denote the number of units observed to be in state i at time t I

and state j at time t for i, j = 1, . . . m, and t = 1, . . ., T.

Then p..(t) is the observed transition probability corresponding13

withthefrequencYn.j (t). Anderson d Goodman (1957) show thati

the maximum likelihood estimates for the stationary probabities,

p..ij , are

P.. = n..(t)
t=1

m T

E
k=1 t=1

T
njk (t) = nij (t)

t=.1.

T-1

n.(t).
t=0

The initial probabilities are estimated by the proportions of

individuals in each state when the process is first observed. The

hypothesis of stationarity, i.e., that p..(t) = pij, may be tested
ij

using the statistic

9
= E X2. =

.
t-1)

j
[p..ij (t) - Pi]

where ni(t-1) = E nii(t). The statistic has a chi-square limiting

distribution with m(m-1) (T-1) degrees of freedom under the null

hypothesis. It is necessary to accept the stationarity hypothesis

to support the notion that the process is a Markov chain.

Markovian property test. Suppes and Atkinson (1960) give two

tests that may be used to establish the order of a Markov variable.

A process of first-order has the Markovian property.

The first statistic is used to test the hypothesis that the

Markov variable is zero-order against the alternative that it is

greater than zero-order. The null hypothesis is that the process
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is zero-order, i.e., that it is a random process. As-suming a

variable with m states, obs,erved at T times, the test statistic is

n,.
2

n. NX
2 =E >-- n. 71

i=1 j=1 1 ni/N

where n..(t) is the number in state i at time t-1 and in state j at13

m m
time t,

i =l

n = n.. (t), n. = n.., n.=Zn..and N = n...
t=1 13

3

.

=1
1.1

i=1
1.3 ij

X
2
has a chi-square limiting distri.bution with (m-1) 2

degrees of freedom.

It is easily recognized that this statistic is simply a chi-square test

for independence generalized to include all T observations. It is

desirable to reject the zero-order hypothesis to support the non-random-

ness of the process.

A second statistic given by Suppes and Atkinson can be used to

test the hypothesis that a Markov variable is first-order against the

alternative that it is greater than first order. The test statistic is
2

n..
j

n
ijk km m m

x2= E E n..
n., n.

3
i=1 j=1 k=1 13

where nijk is the number of individuals making the transition from

state i to state j and then to state k in two transition periods.

Under the null hypothesis of a first-order process, the test statistic

is asymptotically chi-square with m(m-1)
2

degrees of freedom. The

more general test that a process is of order r against the alternate

that it is of order s (r<s) can be achieved using the statistics

presented by Anderson and Goodman (1957).
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C=narLson cl,..'.1arkov processes. The Markov models for the

four group were c -Tared pairwise using a statistic reported by

Anderson i4). e statistic is

m
m (p1.) - pn2

L c. j
ji=1 =1

P.-

where 1 = 1

Z. n(1) T
(t-1) nit) (t-1)

t=1

Pij

t=1
(k )

The quantity is the probability of an ijth transition for

the k
th

ij
group, and p is the probability of an ij

th
transition

for the two groups combined. This statistic has a chi-square

limiting distribution with m(m-1) degrees of freedom under the

null hypothesis of no cross group differences. The comparison

statistic is developed for first-order Markov chains. Where this

requirement is violated, the results must be considered only

approximations. In addition to the comparison of career patterns,

the initial distributions of the four groups were compared pairwise

using standard chi-square tests of independence.

Validation

To test the validity of the derived Markov models, two tech-

niques were used; prediction of career patterns and prediction of

Holland occupational category. The first involved comparing actual

transitions of the Validation Sample to the theoretical transitions

predicted from the successive powers of the stationary transition

matr±x 2 for each of the four groups. atatibstically, this compari-
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son was achieved by using a goodness of fit test.

Goodness of fit was tested using the following method. Let p..

be the observed transition probability for leaving state i and

enteringstatej.Let..be the corresponding theoretical probabil-'kJ

ity. Then the test statistic for goodness of fit is

fp.. ..]X2 = :
m m

n. 1) 11 2

.j=1 1 Pij

which is asymptotically chi-square with m(m-1)-1 degrees of freedom

under the null hypothesis (Suppes and Atkinson, 1960).

The second technique for determining the validity of the models

was to test the efficiency of the prediction of occupational categor-

ies from the theoretical transitions. In effect, predictive efficiency

is a measure of the usefulness of the models as well as their validity.

Predictions of categories using Markov chains have been demon-

strated by Gribbons and Lohnes (1966 and 1969). The predictions

of subjects among states at transition r can be arrived at by assign-

ing each individual to that state for which the entry is the largest

in the row of the r
th

power of the theory matrix corresponding to

his entry group. This method is recognizable as a maximum likeli-

hood decision principle (Lindgren, 1968). A given row of the theory

defines the maximum likelihood decision function, conditioned upon

a given_entry point, and the state for which the decision function

takes its maximum value is considered to be the best explanation of

the data. The validity of extrapolating the model to long term

transitions can be evaluated by the accuracy of the predictions.
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These predictions were compared with predictions from the Holland

classification alone.

Example

The following example using artificial data illustrates pre-

dictions of movement patterns and of categories. Consider a

stochastic process in which the random variables fx
t
1 take on the

unordered values I, II and III, i.e., the process moves among three

categories. Assume that the stochastic process meets the assumptions

of a Markov chain, and has the stationary matrix P shown below

P=
.63 .13 .25

.17 .67 .17

.60 .40 .00

Note that the rows of P sum to unity (errors are due to round off).

The stationary matrix predicts the pattern of mobility over single

transition periods. Successive powers of P predict longer step

transitions.

Assume that it is of interest to predict the fourth step transi-

tion of a sample of 200, of which 100 were initially in category I,

50 in category II, and 50 in category III. Assume further that the

actual fourth step transition is as shown in Table 2.
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TABLE 2

Actual Fourth-Step Transitions
for Example Problem

Initial
Category

Category after fourth
transition

TotalI II III

I 53 25 22 100

II 23 21 6 50

III 20 20 10 50

The expected pattern after the fourth transition is based upon

P(4), the fourth transition of the stationary matrix where

.48 .35 .18

P
(4) = .41 .42 .17

.45 .37 .18

The matrix of predicted frequencies is calculated as follows. Let

F be a diagonal matrix of initial frequencies where fii is the

th
number in the i category at initial point. For the present

example,

100

F 0 50 0

0 0 50

Then the matrix of predicted frequencies, say T
(4)

, is T
(4)

= FP
(4)

These theoretical frequencies are compared with the observed frequen-

cies in Table 3.
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TABLE 3

Comparison of Predicted Transitions with Actual
Transitions for Example Problem

Initial
Cate:o

Category after Fourth Transition

TotalI II III

I 53 25 22 100
(48.0) (35.0) (18.0)

II 23 21 6 50
(20.5) (21.0) (8.5)

III 20 20 10 50
(22.5) (18.5) (9.0)

Note. - Theoretical frequencies are in parentheses.

The goodness of fit test indicates that the theoretical predictions

give a reasonably accurate representation of the actual fourth step

traz:sition (X2 = 5.82, d.f. = 5, .25<p <.50). Thus, the pattern

prediction of the model (for at least one transition period) appears

relatively good.

The maximum likelihood principle prediction of categories is

easily obtained. All individuals initially in a given category are

assigned to the category for which the corresponding row of the

fourth power of the transition, P(4), has the highest probability.

7.us, the 100 individuals beginning in state I are predicted to

remain in that state, the 50 in state II are expected to remain in

state II, and the 50 in state III are expected to move to state I.

This prediction strategy results in 53 + 21 +20 = 94 hits out of

200, or 47%.
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Application of the model

For this study, there were six states corresponding to the six

personality types in Holland's classification, R I A S E C. The

stationary matrix for each group was based upon two observed transi-

tions. These observed transitions were from the 1966 to 1967 and

the 1967 to 1968 transition periods of the Model Development Sample.

The stationary matrices are of the form shown in Table 4.

TABLE 4

General Form of Markov Model for the
Holland Occupational Classification

Leaving
States

R

I

A

S

E

C

Pll

P21

P31

P41

P51

P61

p12

p22

p32

p42

p52

p62

p13

p23

p33

p43

p53

p63

p14

p24

p34

p44

p54

p64

p15

p25

p35

p45

p55

p65

p16

p26

p36

p46

p56

p66

Stationary matrices and the resulting hypothesis tests were computed

using four groups of the first sample: whites, ages 14 through 17;

whites, ages 18 through 24; blacks, ages 14 through 17; blacks, ages

18 through 24.

Using the stationary matrices for older whites and older=blacks,

transitions within Holland's classification were predicted on ;white
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and black men in the Validation Sample. Predictions were made for

the first, second, third, fourth, fifth, and tenth years after

entering the labor market. The accuracy of the theoretical models

in describing actual transitions in the second sample were tested

using a goodness of fit test.
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RESULTS

This section presents the results of the analysis in two parts.

The first part presents the observed transitions of each of the four

groups in the Model Development Sample along with the associated CATANOVA

statistics and the resulting Markov models. The results for the younger

white males, age 14 through 17, are discussed first; younger black males

second; older white males, age 18 through 24, third; and older black males

fourth.

The second part of the results section discusses the attempts to

predict future career patterns and occupational categories for the

Validation Sample. Here, the theoretical career patterns from the Markov

chains are compared with the actual patterns of the Validation Sample.

And, the predictive efficiency of the maximum likelihood decision rules

from the Markov chains are compared with the predictive efficiency of

the Holland occupational classification alone.

Model Development

Several race and age differences are apparent among the four groups

in the Model Development Sample. These occur both in the career patterns

and in the initial distribution among the six categories.

White Males, age 14 through 17

Observed transitions within Holland's classification for the younger

whites are shown in Tables 5 and 6. The CATANOVA for these contingency
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tables appear in Tables 7 and 8. For both transition periods the

CATANOVA C statistic was significant: for 1966 to 1967, C = 887.47,

d.f. = 25, and p G.001; for the second transition, the 1967 to 1968

period, C = 681.87, d.f. = 25, and p 4:.001. The significance of C

for both transitions implies that the Holland category of an individual's

occupation was dependent upon the Holland classification of his job the

previous year. The large magnitude of the C statistic reflects the power

of the test resulting from the large sample size. However, in both

transition tables the amount of variance in the categorization of individuals

at the second time period accountable to the first time period, R
2

, is

small, 16.6% and 12.7% respectively.

Insert
Tables 5, 6, 7, 8, 9

The Markov model for these transitions is given in Table 9. Statis-

tical tests indicate that the assumptions necessary for a Markov chain are

reasonable. That the two observed transition matrices can be described by

a stationary probability matrix is accepted (X2 = 19.71, d.f. = 30,

.90 < p <:.95). The zero-order hypothesis is rejected, implying that the

process is at least first-order (X2 = 1454.42, d.f. = 25, p <Z.001).

Rejection of the zero-order hypothesis was consistent with the significant

C statistics reported above for the observed transition matrices individually.

To a large extent the tests of independence conducted on the transition matrices

singly are redundant with the test of the zero-order hypothesis. The hypo-
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thesis that the process was second-order rather than first-order was not

supported (X
2
= 137.16, d.f. = 150, .75 < p <:.90).

A notable feature of the Markov model is the large percentage of

younger whites who were in jobs in the Realistic category. According to

the vector of initial probabilities, 79.57 of the group were in Realistic

occupations in 1966. The category next highest in frequency was the

Enterprising class, with 11.7%. Fewer than one percent were in Investi-

gative occupations. In addition, the stationary matrix indicates a high

rate of movement into Realistic occupations. For individuals in all

categories but Artistic, the category into which a move was most likely

was Realistic. Those in the Artistic category tended to remain there.

The movement into hexagonally continguous classes that was expected did

not occur.

These career patterns seem to indicate limited opportunities in the

labor market for the group. Men of this age are frequently legally

excluded from many occupations or fail to meet training and educational

requirements. During this age period most young whites fail to receive

occupational experiences in a diverse set of jobs.

Black males, age 14 through 17

The results found for younger black males are similar results to

those found for younger whites. The observed transitions for this group

are given in Tables 10 and 11. As seen in the CATANOVA tables (Tables 12

and 13), the C statistic was significant for both transitions. For the

1966 to 1967 period, no members of this group began occupations in the

Investigative category. Thus, the Investigative classification was elimi-
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nated from the experimental groups for the CATANOVA for that transition

period. The resulting statistics were C = 417.41, d.f. = 20, and p< .001,

and for the 1967 to 1968 period, C = 234.01, d.f. = 25, and p <=.001. The

percentage of common variance between the distributions at the first and

second time points was 17.8% for 1966 to 1967, and 10.0% for 1967 to 1968.

Again, :he significant C statistics indicate that the occupational classi-

fication of an individual in this group was dependent upon his occupational

classification for the preceding year. Judging from the R
2
, however, the

dependence was only moderate.

Insert
Tables 10, 11, 12, 13, 14

Table 14 shows the stationary probability matrix of the Markov chain

for the younger black males. The assumptions for a Markov chain are tenable

for this group. The stationarity hypothesis was not rejected (X
2
= 18.96,

d.f. = 30, .95 < p <.975). And, the assumption of a zero-order process

(independence) was rejected, as was expected from the significant C statis-

tics for the individual transition matrices. For the test of the zero-order

hypothesis, X
2
= 1081.53, d.f. = 25, p <=. .001. That the process was not

greater than first-order was an acceptable hypothesis (X 2
= 78.47, d.f. = 150,

.99 < p < 1.0).

To an even greater extent than was the case for the younger white males,

the occupational structure for young blacks was dominated by Realistic jobs.

The vector of initial probabilities shows that 87.2% of the younger black males
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were in Realistic jobs in 1966. The category with the next highest per-

centage was Enterprising, with less than 5% of this group. No younger black

males were in Investigative occupations.

The stationary matrix shows that once in a Realistic occupation, there

was less than a 10% chance of being in another type of job

the following year. Those in the Artistic classification also tended to

remain in their initial category. The probability of remaining in an

Artistic occupation from one year to the next was .83 for the small number

in that group. The group that was least probable to remain in its initial

category was the Social group. Only 23% of those who were in Social occupa-

tions were in them the following year. Comparison of younger blacks and

younger whites showed that the distribution among the Holland categories at

the initial time period, 1966, was dependent upon race (X
2
= 24.39, d.f.

= 5, p < .01). Comparison of the stationary matrices, however, indicated that

no significant difference existed in the patterns of career movement for the

two groups (X
2
= 43.18, d.f. = 30, .05 < p

White Males, age 18 through

For older white males, the two observed transition matrices are given

in Tables 15 and 16. As was the case for younger whites and younger blacks,

the CATANOVA for both transition periods indicated that the Holland category

of a man's occupation was dependent upon the Holland type of the job for the

previous year (Tables 17 and 18): for the 1966 to 1967 period, C = 2375.60,

d.f. = 25, p <.001; and for the 1967 to 1968 interval C = 2604.51, d.f. = 25,

p < .001. The R2 values for the two transition periods are 32.9% and 36.0%,
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respectively. These values are substantially higher than those for

either of the younger groups, and indicate that there was a greater relation-

ship between the Holland categories of successive jobs for the older whites

than for the younger groups.

Insert
Tables 15, 16, 17, 18, 19

The Markov model for the older white males appears in Table 19. The

hypothesis of stationarity was acceptable (X
2
= 24.17, d.f. = 30, .75 < p < .90),

and the hypothesis of a zero-order process was rejected(X
2
= 4398.10,

d.f. = 25, p-< .001). However, the test statistic of the first-order process

hypothesis rest was also rejected (X
2
= 307.15, d.f. = 150, p <-01). Thus,

the Markovian assumption was not acceptable for older white males. Rather, an

individual's occupational category was dependent upon his job classification

in the preceding two years for this group. Therefore, statistical tests using

the Markov model are only approximate.

The stochastic model for older. whites differed from that of the younger

whites in several ways. First, the initial distributions of the men among

the Holland categories differed for the two age groups (X
2

113.63, d.f. = 5,

p <-01). The probability of being in a Realistic occupation at the initial

point was considerably lower for older whites. According to the initial proba-

bilities, 67.7% of the group were in the Realistic jobs in 1966. The next

largest category of jobs was Enterprising, with 10.2%, followed by Investigative
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and Conventional occupations, each with 7.3%. Least popular in terms of

the number of men in them were the Social and Artistic categories.

Second, the stationary probability matrices differed significantly for

the two groups (X
2
= 226.61, d.f. =.30, p <.001). The older white men

were more likely to remain in a single occupational category than the younger

whites. For a single transition period, the probability was highest that

individuals in the older group would remain in the category in which they

began. Most stable were men in Realistic jobs, with a probability of .84

of remaining in that category over a single period. All moves from Realistic

occupations into other categories had small probabilities. The next most

stable classification was Social, with a probability of .69 of remaining in

that category. Somewhat surprisingly, the most frequent move out of the

Social category was into the Realistic category, with a probability of .13.

Since the personal characteristics of individuals in Realistic and Social

categories differ greatly, a much smaller percentage was expected. The

remaining groups in order of stability were Enterprising (.67), Investigative

(.60), Conventional (.54), and Artistic (.49). In none of the categories was

the expected pattern of moving into hexagonally co=tiguous categories observed.

Black Males, age 18 through 24

Transition tables for older black males, 13 thrt,,,ugh 24, are shown in

Tables 20 and 21, with the associated CATANOVA results in Tables 22 and 23.

Again the C statistic for both transition periods was highly significant; for

the 1966 to 1967 period C = 515.07, d.f. = 25, p < .001, and for the 1967 to

1968 period C = 656.87, d.f. = 25, and p C.001. The R
2
values for the older
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blacks were somewinaz '.mower than those for whites of the same age group, but

higher than the RZ. values for both younger groups. The R
2
for the older

black males was 24.1% for 1966 to 1967 and 30.87 for 1967 to 1968.

Insert
Tables 20, 21, 22, 23, 24

The Markov model for the older black males is shown in Table 24. All

assumptions for a Markov chain appeared reasonable. The stationarity

hypothesis for the model was not rejected (X
2
= 24.61, d.f. = 30, .50 p <= .75).

The test of the zero-order process hypothesis was rejected (X
2
= 907.02,

d.f. = 25, p <.001). And, the process did not appear to be second order or

greater (X
2
= 55.85, d.f. = 150, and .99. p <1.0).

Statistically significant differences were obtained when the initial

1966 distribution of older blacks within the Holland categories was compared

with the initial distribution of younger blacks (X
2
= 11.57, d.f. = 5, p <-05)

and with the initial distribution :cif older whites (X
2
= 76.97, d.f. = 5,

p <= .01). Of these, differences with the older whites seemed to be the

more important.

From the vector .7.1f initial probabilities it is seen that 87.1% of the

older black males -xtercE, in Realistic occupations in 1966. This was nearly 20%

higher:than the numbe-r of white males: of the same. age group who initially were

in the Realistic catiscry. The next most frequent occupational category for

oluer black males was conventional (5.6%). Neither the Investigative nor the

Artistic category held.more than one percent of the group.
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One of the most notable differences between older blacks and older

whites occurred in the Enterprising category. Because occupations in the

Enterprising category are those that involve business, management, and

selling activities, those in that category are generally associated with

leadership and authority positions. These Enterprising occupations were

held by 1.6% of the older blacks but by 10.2% of the older whites. This

result was interpreted to mean that at an early stage of career development,

black men are usually in subordinate roles rather than policy-making positions.

The difference between the two age groups of blacks was not large.

The source of the difference appeared to be in the Enterprising and Conven-

tional categories; more of the younger group were in the former and more of

the older group were in the latter.

Race differences also occurred for the two older groups between the

stationary matrices of the Markov chains (X
2
= 132.01, d.f. = 30, p .001).

However, age differences between the stationary matrices for the two groups

of black meu were not found (X
2
= 37.95, d.f. = 30, .10 < p .4=.25). Category

by category, members of the older black male group appeared less likely to

remain in their initial category over one transition period than older whites.

For older blacks in the Realistic, Investigative, Artistic, Social and Conven-

tional categories of the group, the highest probability was for remaining in

their job category. The probability was particularly high for the Realistic

group (.95) and then decreased for Investigative (.63), Social (.53), Conven-

tional (.47) and Artistic (.29). In the Enterprising category, there was a

higher probability of moving into Realistic occupations than of remaining in
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Enterprising jobs. As occurred for the three other groups of men, the

expected pattern of career movement into hexagonally contiguous categories

was not found.

Prediction and Validation

This section gives the results of the predictions of career patterns

and occupational categories for the Validation Sample using the Markov

chains. As noted previously, no validation sample was available for the

two younger age groups, so the predictive strategies that were obtained for

the two groups are reported without any associated validity tests. These

results are followed by . *_he validation tests for the two older groups of

men.

White Males, age 14 through 17

Because the stationary matrices of the Markov models do not differ

significantly across race for the two younger groups, the maximum likelihood

prediction principle results in very similar predictive strategies. The

successive powers of the stationary matrix for younger whites from which

the predictions are determined are shown in Table S7-..

For the first transition period of the youngetiwhite males, the maximum

likelihood principle predicts that those who were initially in the Realistic

and Artistic groups would remain in occupations in the same category. Those

in Investigative, Social, Enterprising and Conventional categories would be

predicted to have shifted into Realistic occupations. At the second transition

and all transitions thereafter, the maximum likelihood principle predicts that

everyone would be in Realistic occupations, regardless of the Holland classifi-

cation of the initial job. The efficiency of this prediction, as judged by
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the hit rate, would equal the percentage of individuals in the Realistic

category at each interval. Because that percentage is high for this group,

the prediction would be relatively efficient.

The stationary matrix converges after the seventh power. The limiting

probability vector indicates that, no matter what the initial category, the

probability was .81 of being in a Realistic occupation after seven transitions;

.01 of being in an Investigative occupation; .02 for Artistic, .02 for Social,

.07 for Enterprising, and .06 for Conventional. However, the model for the

younger men applies only to a narrow age range and the Markov model for older

males would apply to the group before the limiting probability vector.

Black Males, age 14 through 17

The powers of.the stationary matrix from which predictions were made

for the Winger black men appear in Table 14. After the first transition

period thae-maximum likelihood principle predicts that individuals in the

Realistic, Investigative, and Artistic categories would remain in their

initial categories and those in the Social, Enterprising, and Conventional

categories would move into Realistic occupations. The predictions following

the second, third, and fourth transitions are that individuals in the

Realistic and Artistic categories would remain in them, and those in the

other categories would move into Realistic jobs. Following the fifth transi-

tion, the maximum likelihood category was Realistic regardless of the

initial state.

The process for the younger black males converged at the twenty-seventh

power of the stationary matrix. According to the limiting vector, the proba-

bility of being in the Realistic category was .86, in Investigative .01, in
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Artistic .01, in Social .02, in Enterprising .02, and in Conventional

.07. Again the number of transitions to convergence is well beyond the

number of years for which this model is applicable.

White Males, age 18 through 24

Predictions of career patterns in the Validation Sample using the

Markov models were not particularly successful for either groin of

older men. The successive powers of the stationary matrix for older

whites is shown in Table 19. It should be recalled that rimP tEansition

process for older white males did not meet all the assumptfLons of a

Markov chain, and that this chain is Ian ,qpproximation of a first-order

process.

The theoretical patterns that the Validation Sample was expected to

follow are compared with the actual trans±tions for six different points

in time in Table 25. All chi-square goodness of fit tests for these

Insert
Table 25

comparisons yield significant test statistics, indicating that they cannot

be assumed to be patterns from the same population. For the first transition

for the white males X2 = 114.21, d.f. = 29, and p < .001. The magnitude of

the chi-square test statistics increased for each year's comparison through

the fifth year, but not for the tenth year. A reasonable conjecture about

the poor fit of the prediction is that the model does not allow for the

continued dominant diagonal pattern that occurs in.the Validation Sample's
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actual mobility pattern. This difficulty is more apparent when prealc.-

tions of occupational categories are attempted.

Hit rates for predictions for the six time points resulting Lium

the maximum likelihood principle are shown in Table 26. These are cumplared

Insert Table 26

with the hits resulting from the prediction that men would remalin

initial Holland category. For the first transition period, the -b,L...a11-_e_g-.7

predicts that everyone would remain in his initial category. This- z.

90.8% who were correctly classified. After the second year the same

strategy holds except that those initially in the Artistic group

predicted to fall into the Realistic classification. For this prertr-t7±,:ivn,

85.0% hits were obtained. At the prediction for the third year trdual±:amn,

the Markov strategy begins to become less efficient. Based upon che

power of the theory matrix, those who began in the Social group wem2_

predicted to remain in that group while all others were predicted tz D.

in the Realistic category. This strategy yields 66.6% hits. A muchHaagher

percentage of hits, 80.57., results from predicting that everyone would have

remained in his initial group. Predictions for the fourth, fifth, and

tenth years are that everyone would be in a Realistic occupation regarrs

of his first occupational category. From these predictions, the result-411z

hits are 61.5%, 59.9%, and 62.5%, respectively. Again these percentages are

lower than ignoring the Markov model and predicting that individuals would

remain in their initial occupational classification. This latter stra

results in 74.4%, 74.7%, and 71.7% hits, respectively.
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Black Males, age 18 through 24

Unlike the situation for older whites, the assumptions for a

Markov chain were tenable for the career pattern of older blacks. However,

the theoretical patterns of movement were still not good predictors of the

actual transitions that were observed in the Validation Sample. The

successive powers of the stationary matrix from which the theoretical

transitions were derived are shown in Table 24. Convergence is attained

after the eleventh power of the matrix.

Actual transitions are compared with theoretical transitions in Table

27. For the comparison of actual and theoretical transitions after the

Insert
Table 27

first year a X
2
of 72.20 (p .001, d.f. = 29) was obtained. The

,

magnitude of the X
2
values increased through the fourth year (X

2
= 416.89,

d.f. = 29, p < .001), but then decreased for the fifth and tenth years.

These values were X
2
= 295.67 (d.f. = 29, p < .001), and X

2
= 206.89

(d.f. = 29, p < .001), respectively.

These results imply that the tleoretical transition patterns for older

black males derived from the Model Development Sample cannot be generalized

as expected. One important difference between the theoretical transitions

and the actual transitions is that the latter maintain diagonal dominance

over the observation period while the former, by their mathematical nature,

cannot.
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The results of the maximum likelihood prediction strategy on

the Validation Sample are summarized in Table 26. For the one-year

transition, the strategy is to predict that everyone will remain in

his initial category. This results in 93.9% hits. After the two

year period, those initially in Realistic and Investigative occupa-

tions are predicted to remain in those categories while those in

Artistic, Social, Enterprising, and Conventional occupations are

expected to move into Realistic occupations. The hit rate for this

prediction is 87.4%. A higher hit rate, 91.4%, is obtained by

predicting that everyone would maintain his initial occupational

category. For the three year period and beyond, the maximum likeli-

hood strategy is to predict that everyone will move into the

Realistic category. In most cases this strategy is slightly less

efficient than predicting that everyone would maintain his initial

classification. After three years the maximum likelihood prediction

gives 85.3% hits compared with 89.2% who remain in their first

category; 85.4% compared with 88.2% after four years; and 84.3%

compared with 86.1% after five years. Following the tenth year,

the two strategies give nearly the same number of hits, 84.8% com-

pared with 84.3%.
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SUMMARY, DISCUSSION, AND LIMITATIONS

The present study used the Holland occupational classification

and Markov chain analysis for describing and predicting career patterns

of young men. Models of movement among the six categories of the

Holland classification were derived for four groups of young men who

were divided according to race and age. In short, this report provides

(1) Markov chains of the career patterns for four groups of young men,

(2) tests of the predictive validity of the chains, and (3) comparisons

of the four race-age groups using the Markov models.

Four groups were obtained by stratifying a sample of 5,225 young

men, age 14 through 24, according to race and age: white males, 14

through 17; black males, 14 through 17; white males, 18 through and

black males, 18 through 24. Men were interviewed in each of three years

(1966, 1967, and 1968) as part of the National Longitudinal Survey

sponsored by the Bureau of the Census. Occupational histories were

recoded according to the Holland occupational classification and analyzed

in two ways. First, the pattern of movement among the categories was

summarized by deriving Markov models for each of the four age-race

categories. Second, the amount of association within the cross categories

of individuals according to the Holland classification over the one year

transition periods was determined using analysis of variance for categorical

data (CATANOVA) for each of the four groups. The technique provides a test

for independence and a measure of common variance, R
2

, in a classification at

two successive points in time.
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An attempt to establish the predictive validity of two of the four

models was performed. The Markov models for older white males and older

black males were used to predict patterns of movement and occupational

categories of the ten-year transitions for a second sample. These

attempts were largely unsuccessful. The sample upon which predictions

were attempted consisted of ten-year retrospective work histories, coded

according to the Holland occupational classification,.for 851 white males

and 738 black males, beginning with their first full-time job after

leaving school.

Discussion

Some statistically significant and important differences occurred

among the four groups -- i.e., with respect to race and age -- both in

the patterns of career transitions and in the distribution of individuals

among the six Holland categories at the time of the initial interview.

In general, younger men showed a narrow range of occupational experience.

About eight of every ten young males, age 14 through 17, were in the

Realistic occupational category at the time of the first interview in 1966;

and this number was higher for blacks than for whites. Occupations in the

Investigative class were all but unknown for this age group. It is likely

that this distribution among the occupational groups reflects both legal

and educational requirements that make Realistic occupations the most

accessible for high school youth.
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Once in Realistic occupations, younger males of both races remained

in them at a high rate. In addition, men in other categories tended to

gravitate toward Realistic occupations at a higher rate than they maintained

their original categories. This pattern was not dependent upon race.

For black men, age had little apparent effect on occupational movement.

Although the older group appeared to be more stable than the younger group

in their occupational categories, the stationary matrices of the Markov

models for the two groups were not statistically different. In addition,

the initial distribution among the Holland categories differed only slightly

for the two age groups of blacks. Therefore, the narrow range of occupa-

tional opportunity experienced by younger men continues to occur for older

blacks. For blacks, racial barriers seem as important as age barriers in

precluding occupational opportunity.

In contrast to other groups, older whites held jobs in a broader

range of occupational categories. In addition, the Markov chain indicates

that older whites would be expected to maintain their beginning occupational

classifications over single transition periods. Unlike the other three

groups, the first order Markov chain for the older whites did aot yield a

statistically reasonable fit. Specifically, the Markovian property was

untenable for the data, and a process of at least second order was indicated.

This result implies that occupational movement is a process that is dependent

on a greater portion of the job history for older whites than for the other

groups.
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None of the Markov models for these groups revealed the predicted

pattern of the movement among categories. It was expected that for each

of the four race-age groups, movement within the classification would

reflect the relatedness of the categories; that is, most of the men would

maintain their occupational category, the next highest proportion would

move into related categories, etc. The failure to obtain such models may

have been an artifact of the distribution of available jobs among the

Holland categories. Since most occupations in the world of work are

classified as Realistic, it would be expected that many men would move into

Realistic jobs regardless of personality type. Similarly, there are very

few Artistic jobs for men to enter. Thus, it is probably unlikely that

these predicted patterns would be apparent unless labor market demand was

controlled. One possible method of controlling for the proportion of jobs

in each category would be through the index of perfect mobility (Rogoff,

1953; Carlsson, 1958).

Important differences in the stability of occupational choices for the

four groups were also found. As measured by the amount of common variance

(R
2
) in the Holland classification of the groups at two successive points in

time, there was a greater amount of association in successive Holland cate-

gories for whites than for blacks, and for older men than for younger men.

It should be recalled that since the R
2
values are ratios of ,ariation

ponents, they in effect are controlled for a high or low general job rate

in one or more categories (such as the high Realistic rate that is generally

manifest for black men and younger men). In general, the results imply that

older white males are the most consistent and predictable in their successive
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occupational choices, rating slightly above older black men. Younger

men demonstrate much less consistency in their successive occupational

choices.

The evidence also implies that the older men become increasingly

stable in their Holland categories over time. For older men of both

races, the R
2
values for the second transition, 1967 to 1968, were

larger than for the first period, 1966 to 1967. Such a result suggests

that as men of tills a - group progress in their careers they find occupa-

tions with which they are compatible and, therefore, become more consis-

tent in their successive choices. Opposite results occurred for younger

men of both races, as their R
2
values decreased for the second transition

period. This may have resulted because many younger men were leaving

high school and previously unavailable job opportunities became available

to them. Further, with age, younger men were no longer subject to child

labor law restraints.

Although the Markov chains derived from the Model Development Sample

provide useful information about race and age differences in career patterns,

the models fail to have any predictive validity. Two problems with using

the first order Markov models for predictive purposes on the Validation

Sample seemed to occur. First, the stationary probability matrices did

not fit the short term transitions of the Validation Sample. This problem

was most apparent in the comparisons of the predicted and actual transitions

for the first year. To a large degree, the differences here may simply have

been the result of attempting to match two samples, the Model Development
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Sample and the Validation Sample, that deviated from each other in too

many ways. Secondly, the actual occupational transitions did not

converge in the manner of the successive powers of the stationary proba-

bility matrix. Instead, men in the Validation Sample became more persis-

tent in maintaining their Holland categories over the ten-year interval.

Markov chains, of course, are unable to account for such behavior.

The inadequacy of the Markov chains in providing reasonable long

range predictions indicates that these models cannot be extrapolated or

generalized to any real extent. Rather, if Markov models are to be used

they must be derived for small segments of time. Even then, as occurred

for the older white group, a first-order Markov chain may not be adequate

to describe the process. However, Markov chains of an order greater than

one require the estimation of a large number of parameters and can be

difficult to derive and interpret.

In short, the results of this study indicate that first order Markov

chains have limited usefulness in prow ding prospective information of

movement among jobs although they may adequately characterize short term

career processes. A more efficient and parsimonious strategy for predict-

ing categories of the older men is to predict that they will maintain their

initial Holland category. For younger men, it is generally efficient to

predict that tley would be in Realistic categories at any point in time.

This study suggests the usefulness of the Holland occupational classi-

fication for analyzing and interpreting work histories. The results indicate

that the predictive efficiency of the classification, when applied to employed
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adults, is maximized when it is predicted that individuals will maintain

their initial Holland category. And, predictive efficiency is aot neces-

sarily improved by using stochastic process models.

Limitations

Generalizations of the results of this study are subject to the

limitations discussed in this section. It should be noted that this study

attempted to avoid two common difficulties -- small sample size and lack

of representativeness. Both samples used in this study were nationally

representative, and both were very large. Only males were sampled and no

attempt should be made to generalize these results to females.

Despite the large sample size, however, some problems with small cell

sizes did arise. Because of the high proportion of men who were in the

Realistic category, the transition probabilities of the stationary matrix

for other categoric 5 were sometimes estimated using a very small number

of men. This reduces the reliability of some of the parameter estimates

in the Markov models and of some of the chi-square based tests. Although

the number of small cell sizes could have been reduced by combining

categories, that alternative was deemed unacceptable because it would have

limited the usefulness of the results even more.

Another limitation is that the Model Development Sample and Validation

Sample were probably not closely matched. The plan was to predict

transitions of a group of men in full-time jobs (the Validation Sample) from

the models derived from the part-time and full-time occupations of another
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group of comparable age (the Model Development Sample). In retrospect,

it appears that some of the predictive errors may have been due to

differences in the stage of occupational development and in the method

of measurement for these samples.

An additional limitation is that the assumptions necessary for

Markov chain analysis were not met for all groups. Specifically, the

process for the older white male group failed to meet the Markovian

assumption. Failure to meet this assumption left two alternatives.

First, it would have been possible to have constructed a second-order

chain for that group. However, such a chain would have required a

reduction to the first-order case which would demand an enormous transi-

tion matrix (36 x 36 with half of the entries zero). This alternative

was rejected because of the impracticality of interpreting such a large

matrix and because of the relatively few observed transitions available

for estimation of the stationary probabilities. The second alternative

was to ignore the Markovian assumption and use an approximate first-

order model. This alternative was adopted, largely because of the problems

with fitting a second order chain. In addition, there is some precedence

for using the approximate first order chain (Gribbons and Lohnes, 1969).

Finally, the present study does not directly consider the question

of why men move from job to job, or why they remain in a given occupation.

Rather it studies where men tend to move given an initial occupational cate-

gory. It assumes that if men remain in a given occupational category for a

lc-.g period, they have obtained a relatively good match between their personal

characteristics and occupational skills and the job demands of the occupations

in that category.
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CONVENTION

FIGURE 1

A Hexagonal Model for Interpretating Inter-

and Intra-Class Relationships
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TABLE 7

CATANOVA of Transitions for Younger Whites, 1966-1967

Source SS R
2

C

Between Categories 31.12 .166 887.47*

Within Categories 156.81

Total 187.93

< .001; d.f. = 25

TABLE 8

CATANOVA of Transition:: for Younger Whites, 1967-1968

Source SS R
2

C

Between Categcries 22.44 .127 681.87*

Within Categories 153.98

Total 176.42

*p< .001; d.f. = 25
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TABLE 9

Markov Chain of Holland Occupational Classific_ttion

for White Males, Age 14 through 17

Initial Probability Vector

Realistic (R) .795
Investigative (I) .002
Artistic (A) .015
Social (S) .045
Enterprising (E) .117
Conventional (C) .026

Stationary Transition Matrix

R I A

R .88 .01 .01 .02 .04 .04
I .78 .22 .00 .00 .00 .00
A .33 .00 .55 .03 .06 .03
S .56 .00 .01 .34 .01 .08
E .49 .00 .01 .01 .42 .06
C .56 .01 .00 .02 .06 .35

Stationarity Hypothesis X2 = 19.71, d.f. = 30, .90<p< .95

Order Zero Versus Order One X2 = 1454.42, d.f. = 25, p <.001

Order One Versus Order Two X2 = 137.16, d.f. = 150, .75 <p < .90

Second Power of Transition Matrix

R I A

R .84 .01 .01 .02 .06 .05
I .86 .06 .01 .01 .03 .03
A .54 .00 .30 .03 .08 .05
S .73 .01 .02 .13 .04 .08
E .69 .01 .02 .02 .20 .07
C .74 .01 .01 .03 .07 .15
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TABLE 9 (Continued)

Third Power of Transition Matrix

R I A

R .82 .01 .01 .02 .06 .06
I .84 .02 .01 .02 .05 .05
A .66 .01 .17 .03 .08 .05
S .79 .01 .02 .06 .05 .07
E .76 .01 .02 .02 .12 .07
C .79 .01 .01 .02 .07 .09

Fourth Power of Transition Matrix

R I A

R .82 .01 .02 .02 .07 .06
I .83 .02 .01 .02 .06 .06
A .73 .01 .10 .03 .07 .06
S .81 .01 .02 .04 .06 .06
E .79 .01 .02 .02 .09 .06
C .81 .01 .01 .02 .07 .07

Fifth Power of Transition Matrix

R I A S E C

R .82 .01 .02 .02 .07 .06
I .82 .01 .02 .02 .06 .06
A .77 .01 .06 .03 .07 .06
S .81 .01 .02 .03 .07 .06
E .81 .01 .02 .02 .07 .06
C .81 .01 .01 .02 .07 .06

Limiting Probability Vector
(Equilibrium at Seventh Power)

R I A

.81 .01 .02 .02 .07 .06

Note. - Maximum likelihood categories are denoted by underscoring.
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TABLE 12

CATANOVA of Transitions for Younger Blacks, 1966-1967

Source SS R2 C

Between Categories 8.46 .178 417.41*

Within Categories 38.99

Total 47.45

*p<.001; d.f. = 20

TABLE 13

CATANOVA of Transitions for Younger Blacks, 1467-1968

Source SS R
2

C

Between Categories 6.61 .100 234.01*

Within Categories 59.54

Total 66.14

*p < .001; d.f. = 25
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TABLE 14

Markov Chain of Holland Occupational Classification

for Black Males, Age 14 through 17

Initial Probability Vector

Realistic (R) .872
Investigative (I) .000
Artistic (A) .006
Social (S) .036
Enterprising (E) .047
Conventional (C) .038

Stationary Transition Matrix

R I A

R .91 .00 .00 .03 .01 .05
I .50 .50 .00 .00 .00 .00
A .17 .00 .83 .00 .00 .00
S .69 .03 .00 .21 .00 .07
E .50 .00 .00 .00 .45 .05
C .58 .00 .00 .08 .00 .33

Stationarity Hypothesis X
2
= 18.96, d.f. = 30, .95<p.975

2
Order Zero Versus Order One X = 1081.53, d.f. = 25, p4(.001

Order One Versus Order Two X
2
= 78.47, d.f. = 150, .99<p<1.0

Second Power of Transition Matrix

R I A

R .88 .01 .00 .04 .02 .06
I .70 .25 .00 .01 .01 .02
A .29 .00 .69 .00 .00 .01
S .83 .03 .00 .07 .01 .07
E :71 .00 .00 .02 .21 .06
C .78 .01 .00 .06 .01 .14
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TABLE 14 (Continued)

Third Power of Transition Matrix

R I A

R .87 .01 .00 .04 .02 .06
I .79 .13 .00 .02 .01 .04
A .39 .00 .58 .01 .00 .02
S .86 .02 .00 .04 .01 .07
E .80 .00 .00 .03 .10 .07
C .84 .01 .00 .05 .01 .09

Fourth Power of Transition Matrix

R I A

R .87 .01 .00 .04 .02 .07
I .83 .07 .00 .03 .01 .05
A .47 .00 .48 .01 .01 .02
S .86 .01 .00 .04 .02 .07
E .84 .01 .00 .03 .05 .07
C _,--,--86-1 .01 .00 .04 .02 .07

(

Fifth Power of Transition Matrix

R I A

R .87 .01 .00 .04 .02 .07
I .85 .04 .00 .03 .02 .06
A .54 .00 .40 .02 .01 .03
S .36 .01 .00 .04 .02 .07
E .85 .01 .00 .04 .03 .07
C .86 .01 .00 .04 .02 .07
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TABLE 14 (Continued)

Tenth Power of Transition Matrix

R I A

R .86 .01 .00 .04 .02 .07
I .86 .01 .00 .04 .02 .07
A .73 .01 .16 .03 .01 .05
S .86 .01 .00 .04 .02 .07
E .86 .01 .00 .04 .02 .07
C .86 .01 .00 .04 .02 .07

Limiting Probability Vector
(Equilibrium at Twenty Seventh Power)

R I A

.86 .01 .01 .04 .02 .07

Note. - Maximum likelihood categories are denoted by
underscoring.
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TABLE 17

CATANOVA of Transitions for Older Whites, 1966-1967

Source SS R
2

C

Between Categories 134.48 .329 2375.60*

Within Categories 274.80

Total 409.28

*p < .001; d. f . = 25

TABLE 18

CATANOVA of Transitions for Older Whites, 1967-1968

Source SS R
2

C

Between Categories 158.80 .360 2604.51*

Within Categories 282.02

Total 440.82

*P< .001; d.f. = 25
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TABLE 19

Markov Chain of Holland Occupational Classification

for White Males, Age 18 through 24

Initial Probability Vector

Realistic (R) .677
Investigative (I) .073
Artistic (A) .022
Social (S) .054
Enterprising (E) .102
Conventional (C) .073

Stationary Transition Matrix

A

R .84 .04 .01 .02 .07 .03
I .23 .60 .01 .06 .06 .04
A .17 .12 .49 .05 .08 .08
S .13 .07 .02 .69 .07 .02
E .18 .02 .01 .03 .66 .09
C .19 .05 .02 .05 .16 .54

Stationarity Hypothesis X
2
= 24.17, d.f. = 30, .75<p<.90

Order Zero Versus Order One X
2
= 4398.10, d.f. = 25, p<.001

Order One Versus Order Two X
2
= 307.15, d.f. = 150, p <.01

Second Power of Transition Matrix

R I A

R .73 .06 .01 .04 .11 .05

I .36 .38 .01 .08 .10 .06

A .29 .15 .25 .08 .13 .11
S .23 .10 .02 .49 .12 .04
E .30 .04 .01 .05' .47 .12

C .31 .07 .02 .08 .21 .32___



TABLE 19 (Continued)

Third Power of Transition Matrix

R I A

R .66 .07 ,02 .05 .14 .07
I .43 .25 .02 .09 .13 .07
A .37 .14 .13 .09 .16 .11
S .31 .11 .02 .36 .14 .06
E .38 .05 02 .07 .36 .12
C .38 .08 )2 .09 .22 .21

Fourth Power of Transition Matrix

R I A

R .62 .08 .02 .06 .15 .07
I .47 .18 .02 .10 .15 .08
A .43 .13 .07 .10 .17 .10

.37 .11 .02 .27 .16 .07
E .43 .06 .02 .08 .29 .12
C .43 .08 .02 .09 .22 .15

Fifth Power of Transition Matrix

R I A

R .59 .08 .02 .07 .17 .08
I .49 .14 .02 .10 .16 .08
A .46 .12 .05 .10 .18 .10
S .41 .11 .02 .21 .17 .08
E .46 .07 .02 .08 .25 .11
C .47 .09 .02 .09 .21 .12
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TABLE 19 (Continued)

Tenth Power of Transition Matrix

A S

R .53 .09 .02 .09 .18 .09
.52 .09 .02 .09 .18 .09

A .52 .09 .02 .09 .19 .09
.51 .09 .02 .11 .19 .09

E .52 .09 .02 .09 .19 .09
C .52 .09 .02 .09 .19 .09

Limiting Probability Vector
(Equilibrium at Thirteenth Power)

A

.53 .09 .02 .09 .19 .09

Note. - Maximum likelihood categories are denoted by
underscoring.
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TABLE 22

CATANOVA of Transition.
. Older Blacks, 1966-1967

Source SS R
2

C

Between Categories 13.55 .241 515.07*

Within Categories 42.61

Total 56.16

*p< .001; d.f. = 25

TABLE 23

CATANOVA of Transitions for Older Blacks, 1967-1968

Source SS R
2

Between Categories 16.78 .308 656.87*

Within Categories 37.76

Total 54.54

*p< .001; d.f. = 25
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TABLE 24

Markov Chain of Holland Occupational Classification

for Black Males, Age 18 through 24

Initial Probability Vector

Realistic (R) .871
Investigative (I) .007
Artistic (A) .009
Social (S) .040
Enterprising (E) .016
Conventional (C) .056

Stationary Transition Matrix

R I A

R 93 .00 .00 .02 .02 .02
I .13 .63 .00 .00 .00 .25
A .29 .29 .29 .i4 ,00 .00
S .35 .00 .05 .52 .00 .08
E .47 .00 .07 .13 .23 .00
C .47i .04 .00 .06 .00 .47

Stationarity Hypothesis X
2
= 24.61, d.f. = 30, .50<p <.75

... -.

Order. Zero Versus Order One X
2
= 907.02, d.f. = 25, p< .001

Order One Versus Order Two X2 = 55.84, d.f. = 150, .99 < p < 1.0

Second Power of Transition Matrix

R I A

R .90 .00 .00 .04 .02 .04
I .30 .40 .00 .02 .00 .28
A .43 .26 .09 .12 .00 .09
S .56 .02 .04 .30 .01 .08
E .66 .02 .0'..) .13 .12 .02
C .63 .05 .00 .07 .01 .24
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TABLE 24 (Continued)

Third Power of Transition Matrix

R I A C

R .88 .00 .00 .05 .02 .04
I .46 .26 .00 .04 .01 .24
A .55 .19 .03 .09 .01 .13
S .68 .b3 .03 .18 .01 .08
E .74 .03 .03 .11 .05 .04
C .72 ,04 .01 .07 .01 .15

Fourth Power of Transition Matrix

R A C

R .87 .01 .00 .05 .02 .04
I .58 .18 .00 .05 .01 .19
A .64 .14 .01 .08 .01 .13
S .74 .03 .02 .12 .01 .07
E .78 .03 .02 .09 .03 .05
C .78 .03 .01 .07 .02 .10

Fifth Power of Transition Matrix

R I A

R .86 .01 .01 .05 .02 .05
I .66 .12 .00 .05 .01 .15
A .10 .09 .01 .07 .01 .11
S .78 .03 .01 .09 .02 .07
E .81 .03 .01 .08 .02 .06
C .80 .03 .01 .06 .02 .08



TABLE 24 (Continued)

Tenth Power .of Transition Matrix

R I A

R .84 .01 .01 .06 .02 .05

I .82 ..03 .01 .06 .02 .07

A .83 .02 .01 .06 .02 .06

S .84 .02 .01 .06 .02 .06

E .84 .02 .01 .06 .02 .05

C .84 .02 .01 .06 .02 .05

Limiting Probability Vector
(Equilibrium at Eleventh Powel.)

R I A

.84 .01 .01 .06 .02 .05

Note. - Maximum likelihood categories are denoted by under-

scoring.
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TABLE 26

Comparison of Efficiency for Two

Predictive Strategies

Time
Interval

Percent maintaining
initial occupational
code

Percent correctly
classified from
maximum likelihood
principle

N

White Men

One Year 90.8 90.8 694
Two Years 85.0 84.8 646
Three Years 80.5 66.6 622
Four Years 78.4 61.5 602
Five Years 74.7 59.9 644
Ten Years 71.7 62.5 637

Black Men

One Year 95.8 93.9 624
Two Years 91.4 87.4 580
Three Years 89.2 85.3 563
Four Years 88.2 85.4 575

Five Years 86.1 84.3 581
Ten Years 84.3 84.8 585
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